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The Distribution Breaker With 


ALLIS-CHALMERS 


for service up to 23 Kv 






k per phase 
construction (as used in large 


breakers) completely isolates phases 
and eliminates internal phase-to- 
phase flashover. 


buble break 
per phase prin- 
ciple used with time- 
proved Ruptor inter- 
rupting devices. Self 
wiping, self aligning tu- 
lip and bayonet con- 
tacts used. 





Other quality features include: fabricated wiring duct to 
simplify access to bushing transformer leads; non-buckling, non- 
warping tank liners; both external and internal position indicators. 
















GET INFORMATION 

New 8-page descriptive bulletin No. 
71B7946 now available. Call your nearby 
A-C office or write Allis-Chalmers, Mil- 
waukee 1, Wisconsin. 





omy cabinet 

Side hinging of L-shaped 
doors allows access to operator from 
three sides. Relays, when specified, 
are in separate cabinet. 





Ruptor is an Allis-Chalmers trademark. 
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THE COVER 


IN TRIMMING TONS from this 125,000- 
kva, 330 to 135-kv autotransformer, hori- 
zontal core construction was used and the 
tank assigned the extra function of core 
clamping Smaller physical size and re- 
duced oil requirements resulted. Two of 
these units are being built for the Ohio 
Valley Electric Corporation’s Pierce Station 
Ohio, and two more 
are being built for the Clifty Creek Plant of 
OVEC’s subsidiary diana-Kentucky Electric 
Corporation. As a caution against possi- 
ble high water at the latter location, these 
transformers have the Electro-Coolers and 


controls nearly nine feet above the base 
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Frequently line voltage stability can be 
improved by coordinating motor-starting 
sequence and starting methods. 


pansion of present facilities, considerable thought 

must be given to the power distribution system 
—the effect the system has on motor starting and the 
effect motor starting has on the system. The capacity of 
the system to handle motor-starting currents may be a 
major factor in the choice of both motors and controls. 


\\ y HEN PLANNING A NEW PLANT or an ex- 


Since today’s standard ac motors are designed for full- 
voltage starting, they should always be started on full volt- 
age when line and load conditions allow. Full-voltage 
starters are simple and economical, and have no size limita- 
tion. Motors as large as the six 22,500-hp synchronous 
motors recently installed in an irrigation system for driv- 
ing pumps are being started on full-line voltage. How- 
ever, a special line from Shasta Dam is required to feed 
power to these motors. 
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TYPICAL LINE-UP of 4160-volt, 250-kva interrupting ca; 
ity, fused motor controllers, rated from 300 to 2000 hp, 
installed in northern Michigan copper-refining plant. Inclu 
are full-voltage cage and wound-rotor motor controll 


Reduced-voltage motor starters are used only when the 
distribution system cannot maintain its voltage during the 
motor-starting inrush or when the driven load cannot stand 
the shock of a sudden start. Such loads as conveyors, ele- 
vators, hoists, feeders, and certain machine tools frequently 
fall into the latter group. 

The most important factor influencing motor starting 
is the stability of the power system on which the motors 
operate. When polyphase ac motors, either the squirrel- 
cage induction or synchronous types, are started on full 
voltage, the current required to break away and accelerate 
the motor is several times full-load current, diminishing 
as the motor gains speed. Figure 1 shows the full-load 
starting current of a 200-hp, 440-volt, three-phase, 60- 
cycle, 1200-rpm Code F motor. The locked-rotor current 
or current at instant of starting is about six times full-load 
current. This means that the power system must be capa- 
ble of furnishing six times more kva to start the motor 
than it has to supply to operate the motor at full load. The 
starting current for any polyphase squirrel-cage or syn- 
chronous motor will be several times full-load current but 
will vary depending upon the torque characteristics of the 
motor. Squirrel-cage motors are designed according to 
NEMA-type “letter designations” which describe the motor. 


Table I lists three NEMA categories and their corre- 
sponding characteristics. The motor locked-rotor current 
has no direct relationship with motor torques, and the 
values of locked-rotor currents must be obtained from 
standard tables or directly from the motor manufacturer. 
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il 
sad lL Face ren NEC Limits for Cage Motors 
RT ING CURREW, Code Letter Kva per Hp Locked-Rotor 
1200 A 0 — 3.14 
a va 8 3.15— 3.54 

a PART-WINDING Cc 3.55— 3.99 

Pr STARTING CURRENT D 4 3 ep 

= g00r 

2 E 4.5 — 4.99 

<A 50% VOLTAGE 

2 REACTOR anne F 5 — 5.59 

600 OR STARTING CURRENT G 54 — 6.29 
J 7.1 — 7.99 
NOE ee VOLTAGE — AUTOTRANSFORMER STARTING CURRENT .  - 
L 9.0 — 9.99 
sims M 10.0 —11.19 
: : al N 11.2 —12.49 
re) 200 400 600 ‘00 P 12.5 —13.99 
SPEED ~ RPM R 14.0 —and up 
STARTING CURRENTS for squirrel-cage and synchronous motors ¢ 
reduced with reduced-voltage or part-winding starters. _ 

Table Il shows the range of starting kva as specified in exceeding the feeder transformer capacity, excessive line 
the National Electrical Code. The code letters apply only loss, or a combination of both. In addition, starting cur- 
co standard low voltage squirrel-cage induction motors up _ rents can cause the system protective devices to open and 

x" s . 
a to 200 hp interrupt service completely. 

There is no definite correlation between the NEMA A dip in line voltage greatly affects the equipment con- 
design letter and the NEC code letter. If the actual value nected to the system. Voltage dips of sufficient magni- 
of the motor-starting current cannot be obtained, an aver- tude can cause synchronous motors to pull out of step, 
age value of 600 percent is usually assumed for squirrel- release holding circuits in motor starters and stop their 
cage and synchronous motors. This value is usually close motors, produce serious overheating to motors, and damage 

ing cay enough for use in applying standard equipment. the motor controllers. Motor overheating is produced be- 
0 , ites 
” a ~~ cause of the longer accelerating time during which the 
control System stability upset motor winding must carry starting current, and because of 
[he starting of motors on full voltage can produce harm- higher running currents with motors running at greater 
ful effects if sufficient reserve kva is not available from the percents of slip. 
he power system. The effects on the power system usually Motor starters are magnetically held in the running 
result in dips in line voltage. This may be produced by position and may drop out to stop the motor if the line 
NEMA Syn. Hp % of Full-Load Torque % of Full-Load 
Code | Speed, | p once Slip Locked-Rotor Application 
Letter | Rpm S© | Locked-Rotor | Breakdown Current 
e 3600 | 114-200 175-100 hashes as 
S 1800 |1 -200] 275-100 aie ie 
1200 %4-200 175-125 inte High or 
‘ 900 | 14-200] 150-125 Encore, | bess Than ae =. 
720 | 2-200] = 150-120 of Those - High Locked- 
600 4-200 115 : oan é - 
x 514 | 4-200 110 canis icine ce 
: 450 | 14-200 105 ccs 
3600 |114-200] 175-100 275-200 
1800 |1 -200 275-100 300-200 Sides 
1200 34-200 175-125 275-200 ee 
) 900 | 4-200] 150-125 250-200 | Less Than| 820-630 oe 
. B 1 720-622 Suitable for 
720 4-200 150-120 200 5% 
603-591 Most 
600 4-200 115 200 Pe at 
f 514 | 14-200 110 200 atin 
450 | 4-200 105 200 
1800 |5 -200 250-200 200-190 1100. thon 820-630 Applications 
Cc 1200 |3 -200 250-200 225-190 5% 720-622 Requiring High 
900 |3 -200 250-200° 200-190 603-591 Initial Torque 
to Start. 
1800 4-200 275 275 5% 820-630 High Torque and 
D 1200 ¥,-200 275 275 os tie 720-622 High Slip, for 
900 | 14-200 275 275 603-591 High Inertia 
{ Loads. 
1800 |30 -200 125 135 Less Than Low Locked- 
F 1200 |30 -200 125 135 Sm «(CZ Rotor Current 
and Torque. 
































TABLE | — Characteristics of NEMA design motors 
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voltage should drop sufficiently. Motor controllers will 
usually open at approximately 70 percent of normal vole- 
age or below. Such shutdowns often prove costly. 


The minimum operating voltage permitted by the 
manufacturer's guarantee of motors is 10 percent less than 
rated nameplate voltage. The load characteristics of the 
motors cannot be obtained if the operating line voltage 
should fall below this point. The minimum voltage per 
mitted for the operation of motor controllers is 15 percent 
below the nameplate rating. In some cases motors have 
been found to develop insufficient torque to accelerate 
their loads on Monday morning, but would start success 
fully on other mornings. The cause was usually found to 
be due to a low voltage condition produced by all indus 
trial plants in an area attempting to start up their plants at 
exactly the same time. The 15 percent minimum should 
not be exceeded during the acceleration or during normal 
operation of motors. 


Low voltage troubles can be relieved 


While a low voltage condition might be corrected by addi 
tional transformer capacity or with synchronous con 
densers, other less costly methods should be explored first 
Generally, voltage correction methods — switch capacitors 
voltage regulators or load tap-changing transformers — are 
too slow to be effective in correcting low voltage condi- 
tions resulting from motor starting. 

When adding motor loads to a distribution system, the 
normal full-load currents of the motors may not be a prob- 
lem. However, the starting inrush of the motor may cause 
a serious voltage drop in the lines. If the line drop is ex 
cessive, the condition can be improved by increasing the 
cross-section area of the conductors, by altering the conduit 
runs or the spacing factor of the lines, and by other means 
Figure 2 shows the voltage drop per ampere of current for 

















Locked-Rotor Current for Three-Phase, 
60-Cycle, 220-Volt Motors (Amperes) 
Hp 
Designs B, C, and D Design F 
1 or Less 25/hp 

1% 35 

2 45 

3 60 Fe 
5 90 = 
7% 120 rd 
10 150 S 
15 220 us 
20 290 = 
25 365 > 
30 435 270 

40 580 360 

50 725 450 

60 870 540 

75 1085 675 
100 1450 900 
125 1815 1125 
150 2170 1350 
200 2900 1800 

TABLE i! 





various conductor sizes based on 12-inch spacing in air. 
These values vary greatly, depending upon conductor sizes, 
spacing, conduit, voltage, insulation, etc. Data covering 
the actual line condition should be obtained before any 
changes in the system are considered. 

Frequently motor circuit lines are designed with a 1-volt 
drop allowed in the branches, with two-thirds of the re- 
maining drop in the mains and one-third in the feeders. 
Most of the drop should be confined to the mains in order 
that a variation in the load on one motor of a group will 
affect the others as little as possible. Where motor circuits 
are fed by transformers, it is usually assumed that the volt- 
age at the secondary side of the transformers remains prac- 
tically constant, and therefore all of the allowable drop is 
apportioned to the secondary circuit.1_ When a group of 
motors is fed by a main and branches, the drop in the 
branches, if they are not too long, is frequently 1 volt or 
less, under normal working conditions, because the NEC 
requires that a branch conductor serving a motor be capa- 
ble of safely carrying a current at least 25 percent greater 
than the normal full-load current of the motor. 

This is a theoretical consideration, and the utilities’ 
problem is to maintain the secondary voltage as near con- 
stant as practical. 


Selective starting 


Low line voltages can be produced by attempting to start 
toO many motors at one time or through an incorrect 
sequence. Motors should be started individually or in 
blocks of permissible size if it is necessary to avoid serious 
voltage drop. If large motors and small motors are to be 
started On a common power system, best results are ob- 
tained by starting the larger sizes first and the smaller sizes 
last. This sequence permits the larger motors to take ad- 


1 From Standard Handbook for Electrical Engineers. 


FEET OF CONDUCTOR — ONE WAY 
CONDUCTOR VOLTAGE DROP is shown for various wire sizes at 


25C, with 12-inch spacing in air and 60-cycle current. (FIGURE 2) 
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(A) THREE-WIRE CONTROL PROVIDING INSTANT 
SHUTDOWN ON LOSS OF VOLTAGE. 





LEGEND 

M = MAIN LINE SWITCH 

OL OVERLOAD RELAYS 
STP STEPPING RELAY 

UV UNDERVOLTAGE RELAY 
TR TIMING RELAY 

TC TIME-DELAY CLOSING 
TO TIME-DELAY OPENING 





CONTROL CONTROL 
TRANSFORMER TRANSFORMER 


FUSE FUSE FUSE 
STOP 
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B) TWO-WIRE CONTROL PROVIDING LOW VOLTAGE (C) TIME-DELAY UNDERVOLTAGE PROVIDES FOR AUTO- 
RELEASE AND AUTOMATIC RESTARTING MATIC RESTARTING DURING A TIME INTERVAL. 
































FULL-VOLTAGE STARTERS are provided with one of three basic 
control schemes. The selection is based on both the application 
and the power distribution system requirements. (FIGURE 3) 
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vantage of the full-line capacity. If synchronous motors 
are on the system with other types of ac motors, the syn- 
chronous motors should always be started first. Synchro- 
nous motors draw less kva from the system than other 
types and can supply reactive power to the system if 
allowed to run unloaded or overexcited. 

Although systematic starting allows motors to be started 
successfully without an excessive line-voltage drop, the 
line must still be protected while the motors are running. 
When three-wire control circuits are used, as shown in 
Figure 3a, a severe dip in line voltage or a momentary 
complete outage causes the control sealing circuits to be 
broken and the controller to drop out and stop the motor 
This type of controller operation is called “low voltage 
protection” and does afford maximum protection to the 
system by not permitting all motors to accelerate back to 
full speed after being slowed down because of the voltage 
dip. The objection which many operators have to this 
arrangement is that all motors are lost from the line during 
the voltage dip and each must be restarted as on the origi- 
nal start. 

In order to overcome this objection, circuits are avail- 
able which permit dropout of the controllers on low volt- 
age dips but allow them to restart automatically if norma! 
voltage is restored within a preset time delay. This type of 
controller operation, called “time-delay undervoltage pro- 
tection,” is illustrated in Figure 3. The usual time delay 
can be set up to two seconds. 


Time-delay undervoltage on controllers prevents some 
complete shutdowns, but its wide use should be viewed 
with caution. If used on all motor controllers on the sys- 
tem, restoration of voltage within the time-delay setting 
after a voltage dip would cause each motor to attempt to 
accelerate simultaneously, thus producing excessive cur- 
rents. If the power system were not capable of the de- 
mand, the line voltage would fall and the currents would 
go still higher. As a result, the system would bog down 
completely and the motors would stall. The backup pro- 
tection devices and starter overload devices would then be 
called upon to disconnect the system. A compromise is 
sometimes possible with the use of the time-delay under- 
voltage controllers. All the motors on a system can be 
given priority listing according to their operating im- 
portance. The high priority units can be equipped with 
time-delay undervoltage protection, with the time-delay 
settings set at varying intervals and with the most impor- 
tant unit having the longest time setting. The lower 
priority units would have only low voltage protection and 
would not restart automatically. The choice of arrange- 
ment depends upon the various sizes and types of motors, 
types of loads, system capacity, and must be deter- 
mined for each individual system. Controllers can be 
sequence-interlocked so that upon the starting of one unit 
a second unit will be started automatically after a set 
time delay. 

Demand devices, such as pressure, float, temperature 
switches, automatically start and stop motors as the demand 
requires. On severe voltage dips or complete voltage fail- 
ures the motor controllers drop open to stop the motors 
even though the demand switch is closed. On restoration 
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of full volcage all units will attempt to restart together. 
This has proven serious on several installations where a 
number of large pumps and compressors were automati- 
cally controlled. This operating hazard can be overcome 
simply by adding a time delay in the starting of each motor 
after the demand contact has closed. The time delays in 
the various units are staggered so that on restoration of 
voltage only one unit at a time will be started. Such a 
circuit is shown in Figure 3c. Most motor controllers are 
furnished as standard with “low voltage protection,” three- 
wire control from a momentary pushbutton station. Time- 
delay undervoltage protection should be used only on units 
where shutdowns on momentary voltage fluctuations can- 
not be tolerated. Time-delay undervoltage is available as a 
modification on high voltage controllers when required 
and is offered on low voltage controllers only on very 
special applications. 

Many low voltage controllers are made for two-wire 
control with demand switches. The time-delay feature for 
staggered starting is not included in the base prices but 
can be obtained for an additional price in any high or low 
voltage controllers. 


Starting current reduced 
Another method of eliminating voltage problems during 
starting is to limit the motor starting kva. There are sev- 
eral methods of reducing starting inrush in squirrel-cage 
and synchronous motors. The types of starters are listed in 
the order of their importance: 


Part-W inding 
Wye-Delta 


Autotransformer 

Resistor 

Reactor 

Where extremely high motor torque is required to break 
away a heavy machine load, the starting kva can be reduced 
through the use of a wound-rotor motor. These motors 
have the additional advantage of a high starting torque. 





Editor’s note: Each of these methods of starting motors will be 
covered in detail in Part Il of this article. 

















GEST MOTOR, this ‘ansporting it to another area where coils will be fitted in- 
weighs approxi- slots of this 102,000-hp, 105.9-rpm motor stator. 
assembly of the pump-turbine which will be driven 


20,000 individual 
by this motor rests on the erection floor beneath the stator. 


Three cranes ore 
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by W. M. TERRY 
Assistant Chief Engi 
Pittsburgh Works 
Allis-Chalmers Mfg. Co. 





Maintenance advantages of dry-type 
transformers have focused attention on 
new insulation methods and materials. 


insulation classification of materials as used in 

electrical equipment has undergone a radical 
change. Since ‘transformers are composite and compli- 
cated structures, as shown in Figure 1, temperature rises in 
the various parts of the structure vary widely. A typical 
temperature range is shown in Figure 2._ No longer, in 
the majority of opinions, should the temperature classifi- 
cation of completed equipment necessarily be the same as 
the temperature classification of all the insulation materials 
in the unit. 


i ) ins the last few years the approach to the 


NEMA has recently approved three temperature classi- 
fications for transformers — 55, 80, and 150 C continuous 
copper rises by resistance with respective hottest-spot cop- 
per rises of 65, 110, and 180 C. These rises are for equip- 
ment and do not specify the insulation materials to be used. 


Insulation grouped by usage 

In the transformer field, insulation applications break down 
into two major groups, as shown in Figure 1. The first 
grouping is major insulation from windings to grounded 
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parts and between isolated windings; the second grouping 
is minor insulation between parts of the same winding. 


Keep-back insulation to ground at the ends of windings, 
barrier structures between windings, winding and bus-bar 
lead supports to ground and bushings are considered major 
insulation. Minor insulation consists of turn-to-turn insu- 
lation, coil-to-coil insulation in disc windings, layer in- 
sulation in helical windings, and insulation between tap 
leads or other leads of the same winding. 


In order to apply insulation properly, each proposed 
application must be checked for its electrical and mechani- 
cal functions. The keep-back insulation at the ends of the 
windings in a 150 C rise dry-type sealed unit serves beth 
electrically and mechanically. It must provide for suff- 
cient creepage surface to prevent flashover under all test 
and operating conditions. It must also withstand puncture 
and limit leakage current to prevent dielectric heating. 
Mechanically, the keep-back insulation must clamp the 
coils to resist vibration and abrasion between coils and 
turns during normal operation. The keep-back insulation 
must also have sufficient reserve mechanical strength to 
withstand the solenoidal action between windings and 
impact forces against the keep-back structure caused by 
severe short circuits. 

In an open dry-type transformer not only are insulation 
creepage distances chosen to withstand initial test voltages 
but allowances are made for reasonable contamination of 
these surfaces, resulting in decreased flashover voltage. In 
contrast, the turn-to-turn insulation in a disc coil has the 
sole function of withstanding electrical puncture, since the 
mechanical stress is minute. Another example is the 
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ROOF TOP SUBSTATION is home of 300-kva, 150 
rise transformer sealed in dry nitrogen. Since nitr 
gen is inert, its insulation qualities will not chang 
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spacers between disc coils of a high voltage winding. 
Electrically they provide insulation between coils, but 
mechanically need only to withstand clamping pressures, 
because the short circuit force between balanced coils is 
small. 


Aging dictates type of insulation 

In designing sealed 150 C rise dry-type units in power 
transformer sizes, the designer tries to use as much Class C 
material as practical, since thermal aging is not a factor in 
this class insulation. When conditions permit, windings 
and leads are supported on porcelain as major insulation. 
The dielectric strength of these Class C materials is equal 
to their flashover voltage in nitrogen and years of thermal 
aging have no deteriorating effect. Since the units are 
sealed, there is no contamination of flashover surfaces to 
lower dielectric strength. 

Barriers between windings are made up of a combina- 
tion of asbestos and Fiberglas impregnated with silicone 
resin. To provide for proper distribution of stress and for 
cooling, liberal ducts are used on each side of the solid 
barriers. The solid barriers themselves are designed to have 
a puncture value in excess of the total applied potential 
test for the insulation class of the winding. This strength 
plus that provided by the flashover voltage values of the 
spacers on each side of the barrier provides a large safety 
factor : 

Turn-to-turn insulation consists primarily of double 
glass insulation impregnated with silicone resin. In por- 
tions of the coil adjacent to line terminals where stresses 
due to surges may be large, additional insulation is pro- 
vided by silicone-treated Quinterra, a high intrinsic dielec- 
tric strength material regardless of thermal aging and even 
without the addition of silicone resin. 

Coil-to-coil insulation and layer-to-layer insulation are 
provided by silicone-treated asbestos spacers or porcelain 
spacers, acting alone or in combination with sheet insula- 
tion of silicone-treated Quinterra, varnished Fiberglas 
cloth, or silicone-rubber treated glass cloth. 

Leads and taps are insulated with silicone-rubber insu- 
lated cable or are taped with silicone-varnished glass cloth 
or Quinterra tape. Where terminal boards or tap boards 
are required, silicone glass laminate is used. 


Solvents eliminated by baking 

The final assembly is treated and impregnated with a pure 
silicone varnish and then given a solvent removal bake at 
125 C, followed by a high temperature bake at 240 C, to 
thoroughly cure the resin. It is extremely important that 
all silicone materials are thoroughly cured and all solvent 
removed before the unit is sealed in its own tank for 
service. If the materials are not cured completely, addi- 
tional solvent products will be driven off under load. 
Since they cannot escape, they remain indefinitely in the 
tank and will react with all insulation materials affected 
by the solvents. Where leads are taped and brushed with 
silicone resin after the complete core and coil assembly has 
been treated and cured, care is taken to make certain that 
these newly treated areas are also thoroughly cured. A very 
small amount of solvent captive in the tank can do a lot 
of damage. 
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TRANSFORMER INSULATION GROUPING is keyed to 
mechanical and electrical stresses. This 1000-kva, 150 C 
rise, 4160-delta—480Y-volt core and coil will be used in 
hermetically sealed load-center substation unit. (FIG. 1) 
(A) Minor insulation. (B) and (C) Major insulation. 
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i a | 
| 
| THREE THICKNESSES 0.004-INCH QUINTERRA PAPER 
- +. Hn a oo + — ‘ 
° 50 *00 150 200 250 300 350 400 
A TEMPERATURE — CENTIGRADE 

INSULATION STRENGTH of solid Quinterra asbestos 

paper is relatively constant in the normal operating tem- 

perature range of transformers rated 150 C rise. (FIG. 3) 
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60-CYCLE QIELECTRIC STRENGTH VS. TEMPERATURE OF AIR 
AT ONE-INGH SPACINGS 





20 40 60 100 200 300 «400 
AIR TEMPERATURE — CENTIGRADE 


AIR DIELECTRIC STRENGTH decreases as the tempera- 





ture increases. The breokd Itage of nitrogen is 
about the some as air under these conditions. 


(FIG. 4) 








1000-Kva, Three-Phase Transformer 
With Tap Changer 
Sealed Open oil 

Dry Type Dry Type Filled 
Impedance 5.5 5.5 5.5 
Volts, HV 12,000 A 13,800 A 12,000 A 
Volts, LV 4160Y 480A 480Y 
Weight of core and coils 12,329 10,090 6011 
Total weight 27,800 16,000 16,500 
Length (inches) 120 104 70 
Width (inches) 68 54 57% 
Case height (inches) 112% 98), 101 
Total height (inches) 115% 100 111% 





1000-Kva, Three-Phase Transformer 


Silicones create problems | 


Silicone resins present several problems in their applica- 
tion, one of which involves the use of silicone-varnished 
glass cloth as insulation. Its total dielectric strength de- 
pends entirely on the integrity of its resin film. The glass 
serves only as a carrier except for the spacing provided by 
its thickness. The abrasion resistance of this material in 
normal layer thicknesses is poor. Furthermore, what may 
be 1000-volt-per-mil material as received in flat sheet form 
quickly reduces to air breakdown under average handling 
during coil winding. For these reasons silicone-treated 
asbestos paper, which has an intrinsic dielectric strength 
not dependent entirely on the integrity of a varnish film, 
has been preferred. Its chief drawback is its limited me- 
chanical strength. 


Another problem common to both silicone resins and 
rubbers is their low resistance to solvents normally used in 
silicone varnishes, such as toluene and xylol. This problem 
exists even when the silicones are in a cured state. 


As an example, a sheet of silicone-varnished Fiberglas 
cloth or silicone rubber may be used as layer insulation. 
After the winding is complete, spring-backed compressive 
forces exist between layers due to winding tensions. If 
the layer insulation is not thoroughly cured prior to the 
time the winding is impregnated, the solvents in the im- 
pregnating varnish will attack and soften the layer insula- 
tion. This weakening may allow the winding layers to 
push together, resulting in decreased dielectric strength 
between layers. 


Cost of silicones is high 


As insulation materials are priced, silicones are high in 
relation to organic materials. However, as their use has 
increased, economies have been realized in their manufac- 
ture. In 1945, for example, basic demethy]l silicone fluid, 
produced commercially, was $5.70 a pound and has since 
dropped to approximately $3.80 a pound, a 33 percent 
decrease. However, 150 C rise dry-type insulation, as pur- 
ready for use, has remained relatively stable in 
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Comparison of Transformer Weights and Dimensions } 


1000-Kva, Three-Phase Transform 500-K. 


Askarel Askar 

Sealed Open Liquid Sealed Open Liqui 
Dry Type Dry Type Filled Dry Type Dry Type Fille 
7.0 5.4 5.4 5.7 5.5 7.0 
12,000 A 13,200A 13,200 A 4160A 4160A 4160, 
480A 4800 A 480A 480A 480A 480/ 
7731 8596 4783 7815 7085 4144 
17,900 13,650 15,870 14,970 11,800 15,30 
97% 104 66 87% 90 68 
55 54 53% 4514 54 53%, 
111% 984 77% 103% _ 98% 77% 
115 100 83% 106% 100 83); 


Seale 
Dry Ty 


5.0 
4160, 
480 / 
3963 
8606 
69 
46 
73 


76 
atten 





ses in basic material costs have been 
and other costs. 
approximately $14.00 a 
$3.50 a gallon for good phenolic 
Silicone glass laminate costs $5.00 to 
laminates cost $1.00 to 


10 sealed dry-type transformer requires ap- 


) percent solids varnish for 
silicone varnish cost alone is 
rox >94UU.UU per unit 
ubbers to replace silicone-resin 
r insulation is seen as a defi- 
Modern silicone rubber has many desirable 
resemble the silicone rubbers origi- 
Its advantages are as follows: 


Retained dielectric strength under tension. 





(sou 1ermal aging properties. 
Excellent flexibility and formability. 
{s wire insulation, the new silicone enamels are begin- 
ng show promise. Up to the present time, double- 
glass covered wire, silicone sated, has been used. Recent 
eat sho 1 round silicone-enameled wire indicate 
greatly im ed performance over earlier enamels, which 
vere in this respec 
For magnet wire and layer insulation, combinations of 
licone Quinterra and open-mesh glass threads are 
w being nsidered. The result of this combination 
predominantly Class C structure with good intrinsic 
lielectric strength and fair mechanical strength. It has 
been applied successfully on rectangular magnet wire, and 
1as been proved in tests, both initially and after thermal 


Aging varies with temperature 
The ins strength of solid Quinterra asbestos paper 


isulation is shown in Figure Between room tempera- 


stors 500-Kva, Three-Phase Transformer 
Without Tap Changer 
ska Askarel 
ma Sealed Open Liquid 
me “Dry Type Dry Type Filled 
5.0 5.0 6.9 
4160 4160 2400 
480 240 x 480 240 
3963 4311 3045 
8600 8300 10,300 
- 69 78 60 
46 54 41% 
73 98/2 76 
’ 76 102% 83 


ture and 350 C little variation in breakdown voltage is 
evident. However, the 60-cycle dielectric breakdown volt- 
age for air does decrease with increasing air temperature 
in both uniform fields represented by plane-to-plane data 
and nonuniform fields represented by square corner-to- 
plane data, as shown in Figure 4. Incidentally, the break- 
down voltage in air is approximately equal to the break- 
down voltage in nitrogen. Figure 5 shows a typical sealed 
dry-type distribution transformer. 

Between room temperature and 100 C the dielectric 
strength of air in both uniform and nonuniform fields 
decreases approximately 27 to 30 percent. Between 100 
and 200 C the dielectric strength of air in both uniform 
and nonuniform fields decreases 18 to 20 percent. 


The interposition of a high dielectric constant material, 
such as silicone glass laminate or asbestos, decreases the 
dielectric strength of the uniform field approximately 47 
percent and of the nonuniform field approximately 38 per- 
cent. The decrease is less for the nonuniform field condi- 
tion because the gradient changes are less. 


To demonstrate the wide differences in insulation life 
that can be obtained, thermal aging data for two different 
sets of test conditions are shown in Figure 6. The curve on 
the left is for 0.010-inch silicone-rubber coated glass cloth 
hung in sheet form in an inert gas sealed chamber and 
aged. At periodic intervals sheets are removed, cooled to 
room temperature, bent over a ¥g-inch diameter mandrel 
and tested between the mandrel and a 2-inch plane elec- 
trode. This is a dynamic test because the dielectric strength 
is measured after mechanical flexing. The failure point is 
determined when the dielectric strength decreases to 50 
percent of initial strength. In addition, the total dielectric 
strength depends on the integrity of the silicone-rubber 
film while bent around the Y%-inch diameter mandrel. 
This curve demonstrates the excellent life characteristics 
of silicone rubber under severe test. 


Insulation life at any temperature may be extrapolated 
by plotting the log of the 50 percent strength points in 
hours against the reciprocal absolute temperature scale. 
Based on the use of silicone rubber in 150 C rise sealed 





WINDINGS AND INSULATION in this 30-kva distribution transformer at a southern power 


company are protected 


t air cont ts with totally enclosed construction. (FIGURE 5) 





vy 








HOURS TO 50% OF INITIAL DIELECTRIC STRENGTH 





transformers, the life at 210 C—the maximum hottest 
spot temperature — would be approximately 60,000 hours 
or 6.8 years. 

By comparison, the two curves on the right in Figure ¢ 
are for silicone-resin treated Quinterra aged in air and in 
nitrogen under static conditions. The static condition is 
typical of insulation between rectangular magnet wire con 
ductors clamped together, simulating turn-to-turn insula 
tion in a transformer coil. Based on the criteria of aging 
time to 50 percent dielectric strength, this combination 
has a life-of 40,000 hours in nitrogen at 300 C. The wide 
differences between the silicone-rubber curve in nitrogen 
and the silicone-treated Quinterra in nitrogen are the re 
sult of two factors. The first factor shows up in a compari 
son of the dynamic bend test for the rubber with the static 
test for the Quinterra, which is not mechanically disturbed 
except for temperature expansions and contractions when 
the samples are removed from the oven and allowed t 
cool to room temperature before electrical stress is applied 
Secondly, the silicone-treated Quinterra combination is 
predominantly Class C insulation, with the Quinterra hav 
ing a high intrinsic dielectric strength. 

A small difference exists between the two curves of the 
silicone-treated Quinterra aged in air and in nitrogen be 
cause the conductors are clamped and sealed together by 
silicone varnish, which protects all but the edges from the 
effects of oxidation. 

These curves clearly show that temperature classifica 
tions of equipment are justified and that it is best to leave 
to the designer the choice of materials for a specific appli 
cation. Here are shown two widely different life curves 
of two materials both of which are considered 150 C rise 
insulation. It is therefore incorrect to assume that 


n 
uw 
— 


nN 
2 


AVERAGE WINDING TEMP, RISE BY RESISTANCE — CENTIGRADE 
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material with an insulation life of so many hours under 
one type of test can be used anywhere in the transformer 


Sealed units compared 

The 150 C rise sealed dry-type transformers are designed 
to have the same electrical performance characteristics as 
Class B ventilated 80 C rise transformers. Core losses, 
total losses, and impedance values are identical. 

Thermal performance data shown in Figure 1 are taken 
from a typical 1000-kva, 12,000-480-volt load-center unit. 
Tests show that the temperature rise of the HV winding 
varies as the 1.6 power of the load, the LV temperature 
rise varies as the 1.6 power of the load, and the hottest-spot 
rise varies as the winding temperature rise. 

The top-gas temperature rise varies directly with the 
winding temperature rise. Hence, this temperature may 
be used as a load indication, using a thermometer with bulb 
extending into the top gas. The external hottest-spot tank 
rise varies as the 0.9 power of the load. 

In all sealed dry-type units all windings have generous 
open ducts to provide for low hottest-spot rises. The 180 C 
hottest-spot copper rise allowed for 150 C average winding 
rise equipment appears from test data to be entirely in line. 
7 shows data taken on the same 1000-kva load- 
center unit with forced-air applications. The optimum fan 
arrangement, shown schematically, consisted of four 1800- 
cfm fans directed at a center point on the tank approxi- 
mately two-thirds of the way up from the base. With this 
arrangement approximately 12 percent increase in load 
could be carried with the same winding temperature rises 
as for self-cooled. Based on this test and other tests on 
units ranging in size from 300 kva to 1500 kva, it does not 
seem feasible to utilize external forced-air cooling on 
sealed dry-type units. 


Figure 


CLASS H INSULATED SEALED DRY-TYPE TRANSFORMER FORCED AIR CAPACITY DATA 
DATA FROM: 

1000-KVA, THREE-PHASE LOAD-CENTER UNIT 

12,000 DELTA HV ~ 480 DELTA LV 


HV SELF COOLED 
LV SELF-COOLED 


LV FORCED AIR 
HV FORCED AIR 
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OPTIMUM FAN ARRANGEMENT 





12% LOAD INCREASE T 





substantially less 
liquid-filled type or the open dry-type units. 
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Sealed construction protects insulation 
1 150 C rise - insulated hs? 


I i aga ‘iad hci 
ntaminants can enter. 
ge surfaces cannot be af- 
d its electrical prop- 


seal if pe transformer is elimi- 
ng and painting of the 

r the pressure gauge to 

f a leak should occur — which 
r only at gasketed hand 

operate satisfactorily 


iken to put the trans- 

ike sure the unit is hold- 

I can be de-energized for long 
equired to put it back 

the unit needs no pro- 

sibl ling or spray conditions from 


ires no vault and may be 
— in basements, on 

tally enclosed distribu- 

ns where dust, dirt, air- 
it can be installed 


Low maintenance offsets extra cost 
twork and load-center 
than Askarel liquid- 
this higher first cost is 
tages and reduced mainte- 

unit 

f losses and annual costs 
rmers, 80 C rise Class B 
) C rise sealed dry-type 
load factors. All load 
operating part of the 
that full transformer 
for some portion of 


d are for a 1000-kva, 4160 

nsformer of each class. For 

e actual transformer losses, based on 
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actual losses of the liquid- 
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TABLE | 
Comparison of Losses and Annual Cost Differences 
at Different Load Factors for 1000-Kva, Three-Phase Unit 
HV — 4160 or 4800 Volts, LV — 480 or 600 Volts 



































Percent Temperature Class 
Load Factor 55 C soc 150 C 
Percent 
Loss 100 94 106 
(Full load continuous) Dollars 
Cost a 65.60 67.80 
Percent 
am bed 44. Loss 100 96 106 
.5 time at full loa 
imei) “So ae 
Percent 
75 Loss 100 97 106.5 
(0.5 time at full load + Dollars 
0.5 time at 50% load) Cost Rae. 22.30 53.10 
62.5 Percent 
(0.25 time at full load + Loss 100 99.5 106.7 
0.25 time at 75% load +- 
tncMiend+ “Er ‘gu, wee 
0.25 time at 25% load) 5 ‘ 
50 Percent 
(0.25 time at full load +- Loss 100 102 108.5 





0.25 time at 50% load + _ Dollars 











0.5 time at 25% load) Cost —- 9.90 48.50 
Percent 
—. . Loss 100 103 109 
(0.25 time at full load +- 
5 Dollars 
0.75 time at 25% load) Cost ooo 15.10 49.30 








NOTES: 
Percent loss based on 55 C rise liquid eg de as 100 
Cost equals annual kwhr cost 


percent. 
dollars at one cent per kwhr. 





PORTABLE MINE SERVICE calls for compact, moisture-proof, 
dust-tight and explosion-resistant transformer construction. This. 
sealed dry-type 150 C rise, 11214-kva, three-phase, 60 cycle, .2400- 
240-volt unit fills the need in Southwest coal mine. (FIGURE 8) 





TOTALLY ENCLOSED dry-type distribution transformers are 
now used in wide variety of applications. Construction of 
5-kva, 150 C rise, 480-120/240-volt unit is shown. (FIG. 9) 


















Selecting 
STEAM SURFACE | 
ONDENSERS 





EQUIPPED with rectangular steel water boxes of the divided 
type, this two-pass condenser has 50,000 sq ft of surface. 





by W. E. ELLINGEN lating-water outlet temperature. To accomplish this a ‘ia 

inti sia Retits Marien condenser would have to be infinitely large and would eles 

Allis-Chalmers Mfg. Co. have infinite cooling-water requirements. Consequently, ; 

in actual practice it has been found that the practical | 

limit for this temperature differential, called terminal tem- pas 

perature difference, is about 5 F for a two-pass condenser aes 

. 4 : and 10 F for a single-pass unit. Initial investment, pump- = 

Economics, engineering, and natural ing charges, and space requirements usually cannot justify *P : 

conditions at the power plant site a condenser with smaller terminal differences than these. = 

influence condenser design selection. Most surface condensers are designed for either one or ) 

two circulating-water passes, as indicated in Figure 1. The is § 

difference between circulating-water inlet temperature and ye 

; exhaust steam temperature, called initial temperature dif- es 

~\ HE GROWING DEMAND for higher central _— ference, should generally be about 20 F, regardless of che 

station efficiencies has focused attention on ever whether a single-pass or two-pass condenser is being con- noe 

higher steam pressures and temperatures at the sidered. See Figure 2. Within the range of accepted prac- an 

turbine throttle. However, if the greatest possible effi- tice, the following circulating-water inlet temperatures a 

ciency is to be obtained from a steam turbine-generator and turbine-exhaust pressures are combined in condenser aie 

unit, exhaust steam conditions and the surface condenser design. 
that determines them must be carefully considered. , ; 
Circulating-water Turbine-exhaust 

By reducing steam to condensate and producing a inlet temperature, degrees F _ pressure, in. Hg abs sig 

vacuum at the turbine exhaust, a steam surface condenser 55-60 10 pe 

extends the range of expansion in the steam cycle and sil : ee 
makes more work possible per pound of turbine throttle 70 1.5 : 

steam. This in turn lowers the turbine water rate and re- 80 2.0 Vie 

duces the size of steam-generating equipment. In addi- 85 2.5 _ 

tion, the steam condenser returns heated distilled water to 95 3.0 de 

the system and keeps boiler feed-water make-up require- Calculations based on any pair of these conditions will al: 

ments 00 2 nium. result in condensers of approximately the same size. co 

. in 

How big should a condenser be Single-pass vs. two-pass condenser of 
While a condenser that will give the highest possible Since a two-pass condenser will handle eight pounds per 
patches Arerehed be the most desirable for any applica- hour of steam per square foot of surface under average 
——, economic factors which must be considered when conditions, and the single-pass condenser will handle ten 
specify <6 the size and type of a condenser usually modify pounds per hour, per foot of surface, the single-pass con- 
this objective. denser will probably make the best installation where space 
The theoretically perfect condenser would allow exhaust is a limiting factor. However, selection of the single-pass 

steam to expand until its temperature equaled the circu- condenser because its space requirement is only 80 percent” o 

ONE OF TWO 115,000-sq ft single-pass condensers which will Allis-Chalmers Electrical Review * First Quarter, 1955 A 







be shipped to Detroit Edison Company for use with the No. 1 : 
and No. 2 generating units at their River Rouge Station, is 3 
shown on the preceding pages in the process of shop assembly. : 
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TWO-PASS CONDENSER 


that of the two-pass condenser is tempered by the relative 
circulating-water requirements of the two units. 

A comparison of Figures 3 and 4 indicates that a single- 
pass condenser will require approximately 50 percent more 
circulating water than a two-pass condenser for a given 
steam flow. Therefore, to take advantage of the smaller 
space requirement of the single-pass condenser, an ade- 
quate supply of cooling water must be available throughout 
the entire year 

Where the external head of a circulating-water system 
is great because of lengthy conduit or a cooling tower head, 
a two-pass condenser probably will be chosen. Even 
though the friction head of a two-pass condenser is greater 
than that of a single-pass condenser, a saving in brake 
horsepower will probably result because a smaller amount 
of water is circulated. On the other hand, where the ex- 
ternal head of a system is less than condenser friction, a 
single-pass condenser usually will result in a brake-horse- 
power Saving. 

Other considerations in determining the condenser de- 
sign to be used are cost of water conduit, basement depth 


‘requirements and existing units in the station which may 


impose design limitations. 


Variables affect condenser size 

In addition to the factors affecting the choice of condenser 
design, factors influencing condenser surface area should 
also be considered. The effects of turbine-exhaust pressure, 
condenser-tube cleanliness, circulating-water velocity and 
inlet temperature on condenser size can best be evaluated 
on the basis of the following typical set of conditions: 


Circulating-water inlet temperature............ 80 F 
Turbine-exhaust pressure ............2.0 in. Hg abs 
Circnlatine-water velocity ........0....00ssenn 7.0 fps 
Condenser-tube cleanliness factor......... 85 percent 


Changing any one of these conditions while keeping the 
others constant will result in the following changes in 
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FIGURE 1 
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surface area and circulating-water requirements: 
L 


bo 


. For each reduction of 0.1-in. Hg abs pressure at the 


. For each 0.1-fps change in circulating-water velocity, 


. Increasing the tube-cleanliness factor 5 percent will 


SINGLE-PASS CONDENSER 





































For each degree Fahrenheit increase in circulating- 
water inlet temperature, surface and circulating-water 
requirements will increase 5 percent. 


turbine exhaust, the surface and circulating-water 
requirements will increase 9 percent. 


the surface required will change 0.85 percent and the 
circulating water 0.45 percent. Increasing the veloc- 
ity will decrease the surface and increase the circulat- 
ing water. Decreasing the velocity will have the 
opposite effect. 


decrease surface and circulating-water requirements 
3.5 percent. 











































RELATIVE LOCATION of equipment usually furnished 


with a steam surface condenser is indicated in this sketch. 


In the final plant design, a compromise between firs 
cost, condenser vacuum, pumping charges and connecte 
load charges, which these variables will determine, cat 
result in the best design and a condenser that will utilize 
the cold end of the steam cycle most efficiently. 


Associated equipment must be considered 
Several additional pieces of equipment required in the 
condensing cycle are usually furnished with a condenser 
These include: 

1. Air-removal equipment. 

2. Circulating pumps and their driving motors 

3. Condensate pumps and their driving motors 

4. Spring supports with jacks or an expansion joint 

These items when considered as a part of the condense: 
installation, become an economic 
selection of either the single or 


factor influencing th¢ 
two-pass design Th 





SINGLE-PASS condenser selection chart. 


(FIGURE 3) 


100 


CONDENSER SURF ACE 


curves shown in Figure 5 therefore include the following 
iuxiliary equipment: Air-removal equipment consisting 
f one two-stage, twin-element steam-jet air ejector; tw« 
alf-capacity, 50-foot head, horizontal circulating-water 


-uMps with induction drive motors; and two full-capacity 


foot head, horizontal condensate pumps also with in 
duction drive motors. 


Condenser tubes have not been included with the items 
f Figure 5 because it is now accepted practice to consider 


IDES aS 


a separate item. For this reason, a separate curve, 
Figure 6, has been included to show the relative expendi- 
for condenser tubes, depending on condenser size, with 
upplicable correction factors for the various commonly 
sed tube materials. The practice of obtaining tubes from 
separate source and installing them in the field is fol 
wed almost universally with condensers larger than 
1,000 sq ft. This practice is also becoming more common 
with condensers 14,000 sq ft and smaller, which are factory 
ubed. Tubes for factory-tubed condensers are forwarded 
the condenser manufacturer for installation. 


Equipment modifications influence 
initial investment 


and 8 have been prepared to secure a more 
accurate comparison between a single-pass and a two-pass 


Figures 


denser installation. They provide additional informa- 
on which modifies the quantities indicated by Figure 5. 


Figure 7 allows adjustment for either axial or mixed-flow 


circulating pumps. Axial-flow pumps generally have a 


1aximum head of 25 feet, while heads on mixed-flow and 
entrifugal types can vary considerably. For any change in 
ead from that indicated on the curves, pump costs will 
ncrease approximately 1 percent for each foot. 


Additional adjustments may also be required. Vertical 


pumps having a 16-foot column length from suction bell 


motor-support flange were assumed. Columns longer 
han this will increase cost approximately 2 percent for 


ich additional foot of column. If non-removable vertical 


BASIS 70 FPS CIRCULATING-WATER 





5O ad * a 0 200 400 £00 800 
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TWO-PASS condenser selection chart. (FIGURE 4) 
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circulating pumps are desired, then a deduction of 15 per- 
cent can be assumed for axial-flow types, and 20 percent 
for mixed-flow types 

The type and head of the condensate pumps also will 
affect condenser cost. In Figure 5, two full-capacity hori- 
zontal condensate pumps with a rating of 125 percent of 
the steam being condensed and a total dynamic head of 
25 feet were assumed. Corrections for variations in type 
and head requirements of the condensate pumps can be 


) 


made by reference to Figure 8. 

Other auxiliaries that are frequently furnished with a 
steam surface condenser are primers, air meters, hot-well 
liquid-level control valves, air piping, condensate piping, 
storage hot wells and extended condenser necks. Addition 
of these auxiliaries will increase the average condensing 
unit expenditure about 5 percent. 


Within the condenser itself, differences in tube diameter 
and length are more or less compensating. Longer tubes 
will require less water but more surface, so the increased 
surface required will be offset by reduced circulating- 


water needs 


Economic comparison of single and 

two-pass units 

The relative size and expenditure for a single-pass as com- 
pared to a two-pass condenser can best be determined on 
the basis of a specific application. Consider the following 
typical set of known values: 


Steam to be condensed.......... 600,000 Ib per hour 
Condenser tube material............ Aluminum Brass 
Condenser tube diameter... ....... 2 2600-5 shes ¥e inch 
Circulating pump type........ vertical 16-foot column 
Condensate pumps required... .3 half-capacity vertical 
Conaensate head. «20 sis6s- 2is 3:4 0s os so oem 600 feet 
Total pumping head, single-pass.............22 feet 


Total pumping head, two-pass.............. 34 feet 


ITEMS INCLUDED 
SURFACE CONDENSER 
. AIR-REMOVAL EQUIPMENT 


TWO HALF-CAPACITY CIRC. 
PUMPS WITH MOTORS 


. TWO FULL-CAPACITY COND. 
PUMPS WITH MOTORS 





wn 


NOTE: TUBES NOT INCLUDED. 


CONDENSER SURFACE - 1000SQ FT 


COST COMPARISON of single and two-pass condensers. (FIGURE 5) 








~__MATERIAL CORRECTION _ 
TUBE MATERIAL 

ADMIRALTY 

ARSENICAL COPPER 

ALUMINUM BRASS 

ALUMINUM BRONZE 20 
COPPER NICKEL (90-10) 1.235 





INITIAL INVESTMENT IN THOUSANDS 
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CONDENSER SURFACE - 1000SQ FT 


CONDENSER TUBES are an investment factor which must be added 
to data from Figure 5 in making the comparison. (FIGURE 6) 











CIRCULATING PUMP INVESTMENT IN THOUSANDS 





0 20 40 60 8 100 120 M40 160 
CONDENSER CIRCULATING WATER REQUIRED — 1000 GPM 


A CHANGE IN TYPE specified for the two half-capacity motor-driven 
circulating-water pumps will modify the cost data from Figure 5 by 
amounts obtained by interpolation from this chart. (FIGURE 7) 








COMPARATIVE COSTS of condensate pumps. (FIGURE 8) 














For preliminary purposes it is satisfactory to assume 
7.0 fps circulating-water velocity. 

For a single-pass condenser Figure 3 indicates the sur 
face and circulating-water requirements are 60,000 sq ft 
and 102,000 gpm, respectively. Similarly, Figure 4 indi 
cates a two-pass condenser will require 85,000 sq ft of 
surface and 73,000 gpm of circulating water. 


By the use of Figures 5, 6, 7, and 8, and making neces- 
sary corrections for tube material, pump type and head for 
both circulating and condensate pumps, totals of 432,750 
and 523,350 are obtained for the single and two-pass con- 
densers, respectively. From this comparison, it is quite 
evident that the cost of a condenser installation to do a 
specific job can vary considerably. 

Although initial steam conditions can be evaluated and 
specified, maximum vacuum is limited by natural condi- 
tions at the power plant site. Neither the cleanliness 
factor nor the temperature of circulating water can be 
controlled. These two variables, together with the maxi- 
mum and minimum water velocities they establish, place 
definite limitations on condenser vacuum. Despite these 
limitations, there is much that can be done to assure econ 
omies both in operation and initial investment. 

If maximum efficiency is to be obtained from the steam 
cycle, the condenser which determines the extent of steam 
expansion warrants serious consideration. 





SHOWN FROM THE RETURN WATER BOX END, this 60,000-sq ft 


4 talled +h. 





two-pass is i in a n utility power plant 


22 





Allis-Chalmers Electrical Review * First Quarter, 1955 





ONE OF THE TWO shells forming a twin 55,000-sq ft con- 
denser outdoor installation at a south-central utility is shown. 
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SURFACE ~ 1000 SQ FT 
AVERAGE WEIGHTS of the different components comprising 
a surface condenser can be determined from this chart. 
Summation of component material weights, plus 2.18 Ib per». —_ 
sq ft for tube weight, will give the approximate total weight *} 
for the condenser being considered. (FIGURE 9) } 
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by G. BYBERG 
Motor and Generator Section 
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New table indicates maximum loads 


standard cage motors can accelerate. 


HEN applying large squirrel-cage motors to high 
inertia loads, it is often difficult to determine 


whether a motor will have sufficient thermal 
capacity to dissipate energy losses while bringing the load 
up to speed. . Because of their inherently large physical 


proportions and resulting high load Wé&*, fans, blowers, 
and other machines used for impelling low density mate- 
rials usually require a longer than normal time for ac- 


celeration 


Determining time for load acceleration 


All other things being equal, the time required to acceler- 


e a given drive is a direct function of its load inertia as 
expressed in the tormula 
Wk? X rpm 
307.5 I 
where j time in seconds 
Ws inertia of the driven machine* and the 
motor in lb-ft" : 
| torque in ft-lb available for acceleration of 
inertia, which is equal to motor torque less 
torque required by actual load on the driven 
machine 
rpm motor speed at full load. 
f load speed is different than motor speed, the equivalent load 


| 
I 
Wk= at the motor shaft is load speed/motor speed )* X 
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High Inertia Loads 





IMPOSING A LOAD Wk? of 26,000 Ib-ft? each, these induced 
draft fans are driven by 800-hp, 590-rpm cage motors. (FIG. 1) 


Starting time varies widely for a given horsepower in- 
put, depending upon the load Wé&? of the driven machine. 
Using full-voltage starting, starting time may be as low as 
three to five seconds for a driven machine with low Wé*. 
A centrifugal pump starting with the discharge valve 
closed and a motor-generator set without load are typical 
of driven machines that can be brought to speed quickly. 
Machines designed for handling materials of higher spe- 
cific gravity, such as centrifugal pumps handling liquids, 
all have relatively low inertia. At the other extreme are 
high inertia drives, such as fans, blowers, and compressors, 
which may require 40 seconds or more to accelerate to 
full speed. 

A starting time of up to 15 or 20 seconds is usually 
considered normal for standard cage motors, while periods 
exceeding 20 seconds are considered abnormal. All appli- 
cations in which starting time exceeds 30 seconds, and most 
exceeding 20 seconds, must be considered special and re- 
quire motors of special design. 


Frequently, high torque motors are considered for high 
inertia loads. Their shorter starting time does reduce stator 
heating, since the stator winding carries starting current 
for a shorter time. However, heating of the cage winding 
resulting from acceleration of load inertia is not reduced. 
The energy which must be absorbed by and dissipated 
from the cage winding because of load inertia acceleration 
is equal to the kinetic energy stored in the rotating parts at 
full speed and is independent of time. A shorter starting 
time helps only in reducing cage winding losses resulting 
from the actual load on the driven machine. 


The ability of a cage winding to handle a high load 
W &* application is a function of its thermal capacity, that 
is, its ability to dissipate energy losses without the winding 
exceeding safe operating temperature. This heat-dissipat- 
ing ability, which may be expressed in several ways — 
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one of which is kilowatt-seconds per pound of cage mate- type” load. Should the load torque exceed that condition, The | 
rial—is not usually available unless a motor has been the torque available for load Wé&?* acceleration will de- cation 
designed specifically for a particular application. crease proportionately. initial 
Load inertia for standard motors is limited Third, the number of successive starts is definitely lim- Alt 
In order to simplify the problem of applying standard ited. If, in addition to accelerating high inertia and pro- a squ 
: y > P —— i ° sectio 
squirrel-cage motors rated 200 hp and larger to marginal viding the load torque, a motor is subjected to repeated vail 
high inertia loads, the National Electrical Manufacturers starts without sufficient time intervals to allow the motor 
5] ° a 
Association has added a table of “Authorized Engineering to return tO OF near rated normal operating temperatures, Fs : 
, as" Ps ns ‘ aa . + re 
Information” to the “Motor and Generator Standards” in- the heating effect would be cumulative and could prove rd 
: . : ° . — . : . > ‘sl no 
dicating the maximum load Wé&* of machines to which destructive. Even though the winding does not fail at nage 
standard cage motors can be applied. These values, shown once, the bars and end-rings may become embrittled by : 
in Table-I, are based on industry-wide experience and de- excessive heating and eventually crack and become in- Fo 
sign practice, and are predicated on the following condi- operative. mote 
tions: moto 
First, they are based on motors having normal-torque Special designs may be required losse: 
characteristics and a temperature rise of 40 C by thermom- It is of course only natural to try to apply the simple cage i) 
eter at full load. Higher rated temperatures generally will motor and its equally simple control to every constant- i. é 
mean reduced load W&* values; for example, a 100 C ris< speed drive. Not only is the cage motor a sturdy and re- ai 
silicone-insulated motor may use the next or second smaller liable piece of equipment, but for most applications it is ome" 
40 C rise frame, with a consequent reduction in the cage also the most economical. However, where the load W&* - 
e* : ' wi 
winding thermal capacity. exceeds that shown in Table I by any considerable amount, bie 
. . . - St 
Second, these values are based on a load-torque require- and the number of successive starts is excessive, even a spee 
ment varying as the square of the speed, such as a “fan cage motor is brought to the ragged edge of reliability. 
O 
for | 
TABLE | and 
The following table lists load W&* which standard, polyphase squirrel-cage motors, larger of d 
than 200 horsepower, having locked-rotor torques equal to 60 percent of the full-load torque colle 
and a rated temperature rise of 40 C, can accelerate without injurious temperature rise under the S 
following conditions: load 
1. Rated voltage and frequency applied. of si 
2. During the accelerating period, the connected load torque shall be equal to, or less than, also 
a torque which varies as the square of the speed and is equal to 100 percent of full-load ae 
torque at rated speed. 
3. Two successive starts with the motor at ambient temperature, or one start with the motor 
not exceeding rated temperature. Subsequently, the number of permissible starts will ‘i 
depend upon the time required to accelerate the load from standstill to full speed, the joes 
thermal capacity of the motor and the time required for the motor temperature to return pose 
to rated temperature after each such start squi 
Synchronous Speed, RPM 
Load Wk? in lb-ft? (Exclusive of Motor Wk’) 
Reting | 3600 | 1800 1200 900 © 720 600 514 450 400 360 327 300 
ating 
250 229 1235 3185 6480 10900 16950 24350 33650 44600 57500 72400 89100 
300 263 1390 3680 7340 12540 19500 28150 38750 51400 66200 83400 102500 
350 298 1585 4165 8310 14200 22100 31850 43850 58200 74900 94400 116000 
400 333 1755 4650 9270 15850 24650 34500 48950 64900 83600 105300 129500 
450 367 1940 5130 10240 17500 27200 39250 54000 71700 92300 116300 143000 
500 402 2120 5620 11200 19150 29750 42950 59100 78400 101000 127200 156400 
600 472 2490 6590 13140 22450 34900 50400 69400 92000 118500 149300 183500 
700 541 2855 7550 15070 25750 40050 57800 79600 105500 135900 171200 210400 
800 610 3220 8520 17000 29050 45200 65200 89800 119000 153400 194200 237500 
900 680 3590 9490 18940 32350 50300 72600 100000 132500 170800 215000 264500 
1000 750 3950 10450 20860 35650 55500 80000 110100 146000 188200 237000 291500 
1250 923 4870 12870 25700 43900 68300 98500 135600 179800 231700 292000 359000 
1500 1095 5780 15300 30500 52150 81000 117000 161100 213600 275300 346600 426500 
1750 1270 6700 17720 35360 60400 94000 135500 186700 247500 319000 401700 494000 
2000 1440 7620 20130 40400 68700 106700 154000 212000 281400 362500 456500 561000 
2250 1615 8530 22550 45000 76900 119600 172500 237600 315000 406000 511500 629000 
2500 1790 9450 25000 49850 85200 132500 191200 263000 349000 449500 566000 696000 
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hermal capacity required for these appli- 
ybably mean a special motor and higher 


> added thermal capacity can be built into 
motor by changing the shape and cross 
mponent members of the cage winding, 
space is limited and consequently limits 
thermal capacity available from this source. 
ecial design with larger than 
size is essential if a squirrel-cage motor is to 
long starting period high inertia load. 


For applications that would require special squirrel-cage 
motors because of adverse inertia conditions, wound-rotor 
motors tainly deserve consideration. Since rotor circuit 

rgely dissipated in the external resistor, the 
is never subjected to the extreme heating 


: cycles encountered by a squirrel-cage winding. 


arting currents in the stator windings are of 

ues than in the cage motor. Hence, except 

secondary resistor duty classification, there 

limitation on the number of repeated 

4’ motors have a further advantage if 
-quirement of the application. 

the use of wound-rotor induction motors 

loads include higher costs for both motor 

as well as slightly reduced reliability because 

rically active parts of the rotor winding, 


d brush rigging 


motors can, of course, be built for high 
slications. However, if a squirrel-cage mozor 


A} t 
esign is required, the wound-rotor motor should 
) adequate consideration, and the final selection 


cific requirements of the application. 


LOAD INERTIA ACCELERATION of a centrifugal 
pump, such as this 10,450-gpm, 180-ft head unit, im- 
poses no special virements on its 600-hp, 700-rpm 
squirrel-cage induction drive motor (FIGURE 2) 
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AUTOMATIC LOAD 
TRANSFER 


Cuts power 
interruptions 
from seconds 
to cycles 


by W. E. SCHWARTZBURG 


Switchgear Department 
Allis-Chalmers Mfg. Co. 





aa, 


result in plant shutdowns and losses measured 

in thousands of dollars if continuous chemical 
or drug-processing lines are involved. In hospitals a 
power interruption may mean loss of life, while in places 
where large groups of people congregate at night, it can 
prove disastrous because a crowd may panic within a few 
seconds if plunged into total darkness. 


\ OMENTARY POWER INTERRUPTIONS can 


Although power interruptions cannot be eliminated, 
their duration and effect in applications of this type can 
usually be minimized by providing a second power source 
and some method of automatic load transfer to the second 
source. 


In comparatively small power applications, satisfactory 
operation can be obtained by providing emergency stand-by 
equipment. For example, most hospitals today are pro- 
vided with equipment which will go into operation auto- 
matically if power is interrupted. Small diesel or gasoline 
engine driven generators can quickly pick up the entire 
load. Critical areas that cannot tolerate even a momentary 
interruption, such as operating rooms, are also provided 
with a battery-operated lighting system. 


When applications involve large. blocks of electrical 
energy, it is of course impossible to solve the problem in 
this manner. In a midwestern oil refinery, for example, 
it was calculated that an emergency shutdown would cost 
$60,000 because of the continuous processes involved and 
the minimum time of six days that would be required to 
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get back into normal operation. When design engineers 
are confronted with figures of this magnitude, it is essential 
that they do everything possible to avoid an outage. The 
problem is a complex one and its solution must be evalu- 
ated from many angles. 


Utility practices reduce outages 

Electrical utilities are very conscious of the need for service 
continuity and of the losses that can result from any power 
interruption. Consequently, through years of diligent 
effort, utilities have eliminated a great many of the factors 
which might contribute to outages. Advanced planning 
has all but eliminated power interruptions due to foresee- 
able equipment failures. 


Beginning with the generating station itself, most util- 
ities Operate with a “spinning reserve” at least equal in kw 
to the largest single machine on the system. By operating 
in this manner, if any given machine is lost, the load is 
immediately picked up by the reserve machines already 
synchronized to the bus. Throughout the generation, trans- 
mission and distribution system, similar operating pro- 
cedures are followed. 


Of course, everyone in the electrical industry recognizes 
that there are outages which are impossible to prevent and 
over which the utility has no control. Lightning and wind 
storms are taken into consideration in the design of any 
transmission line, generating station or substation. The 
factors considered vary, depending upon the geographical 
location, since some sections of the country are confronted 
with storms of greater severity than others. 


Despite all the efforts utilities make to assure service 
continuity, outages do occur. What can power users do to 
assure themselves that everything possible has been done 
to eliminate costly outages? To follow the utility power 
plant practice of providing stand-by equipment would be 
extremely costly and normally prohibitive. Suppling dup- 
licate equipment is usually not the answer; a more practical 
solution is to arrange for a second source of power. When 
a second source is available, automatic transfer to the emer- 
gency line will prevent an outage if voltage fails on the 
normal line. The only additional equipment needed is a 
switching and control system to provide high speed auto- 
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TWO INCOMING LINES and automatic throw-over 
equipment assure continuous lighting for Milwaukee 
* : Braves home night baseball games. (FIGURE 1) 
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NORMALLY CLOSED incoming line breakers and 
the normally open tie breaker are indicated in this 
single-line diagram of the stadium. (FIGURE 2) 















































































ment needed to accomplish this transfer vary with each 
individual application. 


Lines and load influence throw-over design 

When planning an automatic throw-over system, a logical 
starting point is to determine the characteristics of the two 
incoming lines. If the two line voltages are always in 
phase and of the same magnitude, then a single bus could 
be fed from these two sources. Normally, however, two 
lines that are electrically isolated cannot be continuously 
paralleled. The use of two buses tied together with a nor- 
mally open bus-tie breaker working in conjunction with 
two normally closed incoming line breakers is an accept- 


able solution 


UNIT 8 ? UNIT 6 UNIT 5 UNIT 4 UNIT 3 UNIT 2 UNIT 1 
Ast BASE FLOODLIGHTS FLOODLIGHTS _ FLOODLIGHTS | FLOODLIGHTS INCOMING LINE EXTRA LIGHTING 
| SUBSTATION | sieSrATiON TRANSFORMER 
3 tie 44 
| 
co) } } > 1) 
‘ : 
| } 
j 
? _- 
‘ ' ’ i] i 
it it te ia 
matic throw-over. The control problem and specific equip- When the Milwaukee County Stadium, shown in Fig- 


ure 1, was built in 1952, its lighting system was fed from 
a high voltage transmission line through a single step- 
down transformer, the secondary of which was connected 
to the stadium’s incoming line breaker. After a year of 
operation, an additional source of power was considered 
essential, and arrangements were made with the local 
utility to provide it. A second high voltage line was made 
available, a second step-down transformer was purchased 
and the switchgear bus was rearranged to provide auto- 
matic throw-over. Information supplied by the utility 
indicated that the two transformers’ secondaries could be 
momentarily but not continuously paralleled. Since the load 
is all lighting, a high speed throw-over scheme was used. 
The two incoming line breakers operate normally closed, 














TYPICAL OF ‘SWITCHGEAR for automatic load transfer, this 


equipment is installed in a south-central power plant. (FIGURE 3) 27 














the bus tie normally open. A single-line diagram of the 
arrangement is shown in Figure 2. 
should occur on either incoming supply line, that breaker 
will be tripped by undervoltage relays and the new bus-tie 
breaker will automatically close. Upon restoration of 
voltage on the tripped line, the previously opened breaker 
closes and the tie breaker trips. An explanation of the 
schematic diagram, Figure 4, will show how this has 


been done. 


How one throw-over scheme works 

Unit number 2 is one incoming line breaker, unit number 
10 the other, and unit number 9 is the normally open bus 
tie breaker. Device 43 is a switch which allows the oper- 
ator to choose between manual and automatic operation of 
the circuit breakers. With normal voltage on both incom- 
ing lines and device 43 in the manual position, the two 
incoming line breakers are closed electrically by the oper 
ator. Before device 43 is turned to the automatic position, 
the bus-tie breaker should be opened or else it will be 
tripped automatically when 43 is turned to the automatic 
position through contacts T4-8 and the two undervoltage 
relay contacts 27-1 and 27-2, which are closed with normal 
voltage on the two incoming lines. 


Assume that while carrying normal load through the 
two incoming line breakers, with device 43 in the auto- 
matic position, voltage fails on breaker number 2, as de- 
tected by undervoltage relay 27-2. The normally closed 
contact in the trip coil circuit of breaker number 2 will 
close, and the breaker will trip through contacts T6-12 of 
device 43. The bus-tie breaker will then close through 
contacts T5-9 of device 43, the ‘b’ switch of breaker 252 
(which closes when breaker 252 opens), the normally 
closed and slip contact of breaker 252’s control switch, 
relay 4's normally closed contact and the normally closed 
contacts of lockout relays 86-B1 and 86-B2. The purpose 
for using a normally closed control switch and slip contacts 
is to prevent closing of the bus-tie breaker if the operator 
trips breaker 252 manually while device 43 is in the auto- 
matic position. If for any reason incoming line breaker 






If a voltage failure’ 


1052 is open, nothing is gained by closing 952. For that 
reason, a ‘b’ switch for each breaker is wired in series with 
relay 4, to prevent closing 952. 

If a short circuit condition exists on the bus, a throw- 
over would be undesirable. For this reason lockout relays 
86-B1 and 86-B2 are wired in series with the tripping 
contacts of the overcurrent relay (device 51) to prevent 
automatic closing of breaker 952. 

Thus it can be seen that with an undervoltage condition 
on breaker 252, 252 will trip and 952 will close. Upon 
restoration of normal voltage, the normally open under- 
voltage contacts of 27-1 will close, thus tripping the bus- 
tie breaker. When breaker 952 opens, closing its ‘b’ switch 
in the closing circuit of breaker 252, breaker 252 closes 
through contacts T5-10 of device 43 and the normally 
closed contacts of 86-B2. 

No intentional time delay is incorporated in this scheme. 
This scheme is inexpensive, as it operates through breaker 
auxiliary switches. No auxiliary relays are required except 
device 4 and the automatic manual selector switch. 

After normal voltage has failed on either incoming line, 
the bus-tie breaker closes as soon as the incoming line 
breaker reaches a fully open position. This is unusual in 
an automatic throw-over scheme and is possible only be- 
cause the load is practically all lighting. 


Throw-over schemes for motor loads are 
more complex 
When power being fed to motors fails, the motors will 
generate a voltage during the time required to complete 
throw-over. This poses the problem of trying to synchro- 
nize across the bus-tie breaker with no control over either 
voltage. After the incoming line breaker opens because of 
an undervoltage condition, there still is a voltage on the 
bus. This voltage, generated by the rotating equipment, is 
decreasing in magnitude as frequency diminishes from the 
original 60 cycles to zero. 

If synchronizing check relays are used as part of the 
throw-over scheme, provision must be made to block them 


BREAKER 2 


















































AUTOMATIC TRANSFER of a lighting load is accomplished by this control scheme which closes 


28 the tie breaker should an undervoltage cause either incoming breaker to open. 


(FIGURE 4) 
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power and e bus-tie breaker will have to close in on a *MOTOR VOL! ! I it HMMM 
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dead” bus. This would present the problem of restarting 
the n 5, W he resultant high current flow which may CYCLE 4 Smee , 7 © 7 si 240 300 
trip ncoming line breaker overcurrent relays. SIAMPS RMS i = | 
; ; ; | MOTOR CURRENT — 
Since the main objective is keeping both buses energized, | 
the transfer should occur while the motors are still run- i 2220V RMS | : 
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primary ge is removed, and this current tends to main- 
. eae: : 65 CYCLE 
tain the magnetic field. The field rotates at motor shaft “— if INTERRUPTION 
speed and generates a back voltage of corresponding fre- sasnae ‘aon 
quency 1! e stator. This condition can last for a com- — 
paratively long interval Peco TT 
a WOTTON 
. 522v, 
Oscillograms measure voltage Pease bererrey JUIN wen brn 
é: ini jvvvvvvannnnn | 
[his phenomenon has been proved by actual tests. Fig- 
ure 5 shows the results obtained when testing a 250-hp, 
2300-volt, 1800-rpm induction motor driving a general 
service pump. The first group of curves shows a normal TRANSFER OF MOTOR LOADS requires a more complex scheme 
‘ “ae -~ Te . because motors connected to the bus generate a voltage when driven 
tartin rat nm with records oO 7 y: n = w- ° ° A i. 3 P oa 
meen See nee Re “4 a arcins rer ? by inertia after an incoming line failure, as indicated by these 
bus voltage and motor terminal voltage. The locked-rotor oscillograms of a 250-hp, 1800-rpm motor driving a pump. (FIG. 5) 
or starting current was 333 rms amperes. The normal 
full-load value of 43 rms amperes was reached in 60 cycles. 
' a motor if it is connected to a voltage supply 180 degrees 
During his test the bus amd motor voltage were ofr the . - - 
ne er nee 6 out of phase with the residual voltage being generated.* 
same magnitude, 2220 rms volts. The second group of 
curves shows the same qu ties when the motor was dis- One way to eliminate this problem of high inrush on 


connected from the bus in a normal stop. The current goes automatic throw-over is to introduce a time delay to make 


1ins constant and the motor certain the residual voltage will decay to a safe value. This 

















( Ze! V olt ive I é 
generate voltage for approximately 240 cycles. At the can be accomplished by a relay which is normally set to 
end of one second, the motor voltage is 550 volts, or al- give a delay of approximately 50 cycles. Either a motor- 
most 25 percent of normal bus voltage driven or pneumatic timing relay can be used in this 
ae application. The control circuit will be designed so that 
[o determine the values of inrush current that would be ’ seis aia tema +H er; ai q 
encountered upon re-energizing the motor, two additional the ents a — oe — tage, = 
ests de with the motor running, then disconnected the tie breaker close after the —_ delay, which is initiated 
1 ag 1. The third set of curves shows a 40- by a “4” switch of the incoming line breaker. 
cycle ption, the 1 r reconnected to the bus with Another method of introducing a time delay could be 
1 ot cid 3] wolrao ft >17 r T Py . . . 
= a esidual voltage at 811 rms volts. Under this provided by using an instantaneous undervoltage relay 
conditi he current inrush reached a peak value of 643 connected to the bus potential transformers. If the in- 
Imnperes | e tourth set ft curve > 7 : : : . 
amperes. The fourth set of curves shows the results of a coming line breaker would be tripped by the time-delay 
Similar test with - Se of 65> cycles, a motor re- undervoltage relays, the bus-tie breaker would not close 
sidual ltage of 522 rms volts and 505 amperes peak 
inrus! * These tests were run by a utility, and the oscillograms were pub- 
r ‘a a a sible lished ia an article entitled “Operating Experiences with Power 
ESC test CSClaOgrams indicate that CS io Plant Auxiliary Systems,” by H. F. Tevlin and L. H. Romzick 
reach a current inrush sufficiently high to damage the (AIEE Miscellaneous paper 52-289). 
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until residual bus voltage drops to a safe value as deter- 
mined by the instantaneous undervoltage bus relays. This 
specially calibrated relay would be set to close its contacts 
when the voltage decays to about 25 percent of normal 
value. In this method of time delay, the throw-over will 
be completed in minimum time, and the problem of using 
an arbitrary figure for the setting of the timing relay is not 
required. This scheme has been used by several oil re- 
fineries and performed satisfactorily when field tested. 











USED FOR A MOTOR LOAD, this automatic transfer scheme 
utilizes specially calibrated instantaneous undervoltage relays to 
hold back closing of bus-tie breaker 852 until residual voltage 
decays to a safe value. In normal operating procedure, with 
normal voltage on relays 127 and 227, incoming line breakers 
752 and 952 are closed and bus-tie breaker 852 is open. If 
undervoltage occurs on either of the two incoming lines and there 
is at least 75 percent voltage on the other line, as determined by 
relays 127-1 and 227-1, an automatic throw-over will be initiated. 
This is done by picking up relays 143 and 243 through the nor- 
mally closed contacts of breaker cell switches 833 and 733 or 933 
and control voltage relays 852Z and 952Z or 752Z. Relay 143 
or 243 then trips the incoming line breaker and closes the bus-tie 
breaker. The bus-tie breaker will not close unless residual voltage 


MOTOR FEEDERS 








There are, of course, innumerable ways to design control 
circuits for automatic load transfer schemes. Only two 
have been shown — Figure 4, a scheme for a lighting load, 
and Figure 6, for a motor load. Every application poses 
its own individual problems and involves various forms of 
mechanical and electrical interlocks in the switchgear. 
However, in practically every application requiring a con- 
tinuous power supply, automatic load transfer equipment 
can be designed to minimize any outages that may occur. 





on the de-energized bus has decayed to 25 percent of normal, as 
determined by relays 127-R and 227-R. Also, the bus-tie breaker 
will not close if either of the two incoming line breakers has 
tripped because of an overcurrent condition, as checked by the 
normally closed contacts of overcurrent lockout relays 186-51 
and 286-51. 

This scheme holds back a load transfer until the residual volt- 
age has reached a predetermined value. It will be noted that no 
synchronous or pneumatic timers are needed and that the time 
delay is not necessarily a constant value. If the voltage decays to 
a safe value in 20 cycles, then a transfer operation will take place 
in that time. This method eliminates any assumed time settings 
and assures a transfer in an absolute minimum interval. 
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—_— 
BREAKER 752 BREAKER 852 BREAKER %2 
ae on j se 
P4—<S cS — rm . 
ea HOO) vr 227-R Saimin | wees 
7 210) 
wrt — 21 O-> 
ts! Al / 
ci. P 127 
“I, — 7 fuss j 18% 
=] 7 rGP 
8 G 2 1327) at In 
* #127 4 1864 f : a yA 
127 ck &! GP 7 ~ 
i - Lor . m S LIMIT Sw. 
DEVICE NUMBERS and g \ fc ia 
ol io Sh chundicade. 2 752 tRemore | 5 %5%.s%es? fies | DOOR OPENS 
4 463563363; 118 | WHEN P.T. 
ing 3 zO s BREAKER | Saeed aq. | WHEN ET. I 
a , x 
bE - es 
y ro) 186 
icc & fo = i i 2 oO 
a 
186A o 4186-51 
* a Pi i ee on } 2 
] A ? 952 ALARM ii 
4 2 CIRCUIT 
y 852 
= yz 



























































CONTROL FOR INCOMING LINE BREAKER 752 
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TIE BREAKER CONTROL 


CONTROL FOR INCOMING LINE BREAKER 952 


FIGURE 6 
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Problem: Need reliable outdoor operation. 


Solution: Use Allis-Chalmers tube-type 
TEFC motors rated 1500 hp, 4000 volts, 880 
rpm. All electrical parts are completely en- 
closed, fully protected against weather. 





3 Problems — 3 Solutions 


Eastern Uiiiity Gets Exactly 
the Right Motor for Each Job 
from Allis-Chalmers 


Public Service Electric and Gas Company chose Allis- 
Chalmers motors for many of the major auxiliaries in 
their Kearny (N. J.) Generating Plant. The reasons: 
reliability and economy 

Allis-Chalmers builds a type and size for every aux- 
iliary drive in the power plant. Whether your problem 
is space, fly ash or an outdoor location, there’s a motor 
in the Allis-Chalmers line to provide the continuity of 
service you need. Let an Allis-Chalmers representa- 
tive help you select the motors for your job. A-4582 
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Problem: Keep building costs down. 


Solution: Put pump drives outdoors, us- 
2 ing Allis-Chalmers tube-type TEFC motors 
rated 350 hp, 440 volts, 400 rpm. 


Milwaukee 1, Wisconsin 


Remove heat from large boiler- 
feed pump drives in confined space. 
Install A-C 3000-hp, 4000-volt, 


3585-rpm water-cooled motors. Water car- 
ries heat from motor room. 








Allis-Chalmers Sound Laboratory 
Provides Research In 
Magnetostriction and Resonance 


Modern, complex equipment for accurate audio 
sound measurement under laboratory conditions 
is housed within the thick walls of concrete, glass 
wool and acoustical barriers of the Allis-Chalmers 
Sound Laboratory at Pittsburgh. This building 
has its own foundation — it is completely isolated 
from manufacturing disturbances. 


Intensive research at the laboratory has pro- 








duced data that helps design uniformly quiet 
transformers through a wide range of sizes. Proof 
has come from field tests which have shown re- 
duced sound levels at transformer installations. 


Where advisable, the facilities of the Allis- 
Chalmers Sound Laboratory will be available to 
recheck or analyze data developed from the Mobile 
Research Unit or the Acoustical Proving Ground. 
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ABOVE, huge doors lock out external noise after trans- 
former is in position for testing. At upper left, noise is 
analyzed for harmonic content on an experimental core. 
Below left, a distribution transformer gets audio sound 
level tests. Frequency analyses of transformer noise 
and harmonic index are among new tools in the meas- 
urement of sound energy. 


ALLIS-CHALMERS 


Milwaukee 1, Wisconsin 





